A b s t r a c t . -S i n g u l a r i t i e s i n t h e phonon f l u x a r e observed and c a l c u l a t e d f o r d i s p e r s i v e phonons i n Ge.
The i n t e n s i t y of b a l l i s t i c heat p u l s e propagation i s h i g h l y a n i s o t r o p i c f o r most c r y s t a l s , an e f f e c t known a s phonon-focusing.
Phonon f o c u s i n g has been s t u d i e d i n many m a t e r i a l s , b o t h w i t h f i x e d source and d e t e c t o r , and more r e c e n t l y w i t h l a s e r s a s movable heat-pulse
A q u a n t i t a t i v e e x p l a n a t i o n o r i g i n a l l y o f f e r e d by Maris was based on c a l c u l a t i n g a n enhancement f a c t o r , 3 
JOURNAL DE PHYSIQUE I n t h i s paper we extend t h e s e experimental and t h e o r e t i c a l r e s u l t s t o i n c l u d e t h e e f f e c t s of v e l o c i t y d i s p e r s i o n which occur a t higher phonon frequencies. To observe t h e e f f e c t s of d i s p e r s i o n on t h e s i n g u l a r i t y d i r e c t i o n s i n
Ge, two modifications have been made t o our phonon imaging technique:* 1 ) A t h i n sample (0.5 mm) and g r e a t e r time r e s o l u t i o n (60 ns) a r e used t o o f f s e t t h e smaller -+ mean-free-path of larger-k phonons. 2) A tunnel-junction (Pb-0-Pb) d e t e c t o r i s used t o d e t e c t phonons w i t h v > 700 GHz. An A 1 bolometer i s used f o r d e t e c t i o n of low-v phonons .
Comparison of t h e two images f o r t h e s e two d e t e c t o r s , Fig. l a and Fig. l 
3 ) The sharp, three-fold symmetric p a t t e r n (STA mode) t o t h e l e f t and r i g h t of c e n t e r i n 
l was f i x e d f o r each d i r e c t i o n of k. I n t h e d i s p e r s i v e
c a s e t h e s e r e s t r i c t i o n s a r e removed and a more g e n e r a l formulation i s required.
Thus we d e f i n e t h e d i s p e r s i v e enhancement f a c t o r
A =ld3$/d331.
This is t h e r a t i o
of an i n f i n i t e s i m a l volume i n k-space t o i t s corresponding volume i n V-space. By 3+ analogy t o t h e non-dispersive c a s e s i n g u l a r i t i e s w i l l occur when d V = 0, and, due t o t h e increased number of dimensions, t h e l o c u s of s i n g u l a r i t i e s w i l l be s u r f a c e s + + i n k-space and V-space. I n our experiment, we study t h e s e s u r f a c e s by s e c t i o n i n g them a t a f i x e d frequency .
The computation of A3 i s based upon a model4 of t h e f u l l Brilloin-zone phonon band s t r u c t u r e f o r Ge. This extended Born-Von Karmen scheme parameterizes t h e l a t t i c e dynamics w i t h 20 f o r c e c o n s t a n t s r e p r e s e n t i n g up t o f i f t h n e a r e s t neighbor i n t e r a c t i o n s . With t h e s e c o n s t a n t s a d j u s t e d t o f i t i n e l a s t i c neutron
+ +
s p e c t r a t h e model provides w(k) f o r a l l modes and any v a l u e of k. Expected STA p a t t e r n a t 1500 GEz.
, and A3 i s t h e Jacobian of t h i s f u n c t i o n , A i n c l u d e s -+
3
second d e r i v a t i v e s of w(k), and is h e r e determined by f i n i t e d i f f e r e n c e methods. A two dimensional root-finding r o u t i n e t h e n f i n d s l i n e s f o r which w = c o n s t a n t and -+ A; ' = 0. These l i n e s a r e p r o j e c t e d i n V-space i n t o t h e experimental geometry.
These c a l c u l a t i o n s have been done f o r both t r a n s v e r s e modes f o r f r e q u e n c i e s between 700 and 1600 GHz. The r e s u l t s f o r two f r e q u e n c i e s a r e shown i n F i g s . 3 and 4.
The broadening of t h e FTA r i d g e s t n g u l a r i t i e s w i t h i n c r e a s i n g frequency can be seen i n Fig. 3 . The experimental Pb-0-Pb d a t a a g r e e s w e l l w i t h t h e p r e d i c t i o n f o r v . : 800 GHz. The change of t h e STA s i n g u l a r i t y p a t t e r n i s more complex, a s shown i n Fig. 4a . Note t h e rounding of t h e c o r n e r s of t h e diamond s t r u c t u r e a s observed i n Fig. l b . The three-fold p a t t e r n about t h e < I l l > d i r e c t i o n i n Fig. 4a h a s changed l i t t l e , t h u s i t s absence from Fig. l b must b e due t o r e a s o n s o t h e r t h a n + phonon-focusing. Fig. 4b i s t h e V-space (STA) p a t t e r n expected a t 1500 GHz.
I n summary, we have observed s h i f t s due t o d i s p e r s i o n i n t h e phononfocusing s i n g u l a r i t y p a t t e r n s i n Ge. These s h i f t s a g r e e w i t h p r e d i c t i o n s obtained from a model of t h e f u l l l a t t i c e dynamics i n Ge.
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